IN THE INITIAL DISSECTIONS of blood pressure (BP) into its genetic components using hypertensive inbred Dahl salt-sensitive rats (SS/Jr, referred to hereafter as S rats), gene-gene interactions and genetic background effects were evident. The effects of alleles at different genetic loci on a quantitative trait such as BP can be additive (plus or minus), or the combined effects can be higher or lower than the sum of the individual alleles alone (genetic interaction known as epistasis). As the techniques for the analysis of quantitative trait loci (QTL) became available, followed by the use of congenic strains, the importance of powerful genetic interactions was recognized in the Dahl S rat model, as early as 1998 and 2002 (5, 7). More recently Moreno et al. (6) showed, using a series of overlapping contiguous congenic strains involving S and Brown Norway rats, that chromosome 13 contains four highly interacting regions influencing BP.
IN THE INITIAL DISSECTIONS of blood pressure (BP) into its genetic components using hypertensive inbred Dahl salt-sensitive rats (SS/Jr, referred to hereafter as S rats), gene-gene interactions and genetic background effects were evident. The effects of alleles at different genetic loci on a quantitative trait such as BP can be additive (plus or minus), or the combined effects can be higher or lower than the sum of the individual alleles alone (genetic interaction known as epistasis). As the techniques for the analysis of quantitative trait loci (QTL) became available, followed by the use of congenic strains, the importance of powerful genetic interactions was recognized in the Dahl S rat model, as early as 1998 and 2002 (5, 7) . More recently Moreno et al. (6) showed, using a series of overlapping contiguous congenic strains involving S and Brown Norway rats, that chromosome 13 contains four highly interacting regions influencing BP.
Another recent publication by Chauvet et al. (2) classifies BP QTLs into two main sets ("epistatic modules") based on their interactions or lack thereof. If this classification were valid it certainly would add a previously unknown dimension to physiological and genomic complexity. The study by the Deng group (2) is timely because recent work by others has also emphasized the importance of epistasis. Using chromosome substitution strains in rats and mice, Shao et al. (9) showed powerful epistatic effects among individual chromosomes for many quantitative traits. In human genetic studies it was recently shown that the failure to explain a large fraction of heritability of common quantitative traits can in large part be due to not taking genetic interactions into account (10) .
Although the article by Chauvet et al. (2) presents an original and interesting hypothesis regarding epistatic modules it does not provide any theoretical basis for the concept. Moreover, Chauvet et al. (2) do not communicate the structure of the data very well, and consequently the strengths and weakness of the data are obscure. In these comments we propose a visual way to understand and analyze their data that leads immediately to a method to test the hypothesis that such epistatic modules actually exist.
The most effective way to evaluate BP QTL is to create congenic strains on the S genetic background, which is highly permissive for expressing genetic differences in BP. In general, alleles at a BP QTL are introgressed into the S rat from another (usually normotensive) strain. To study the interaction between two QTL (call them QTL1 and QTL2) four strains are required: the S strain, a congenic strain homozygous for the normotensive-strain allele at QTL1 on the S background, a congenic strain homozygous for the normotensive-strain allele at QTL2 on the S background, and a double congenic strain homozygous for both the QTL1 and QTL2 normotensive-strain alleles on the S background. The BP data are analyzed in a 2ϫ2 factorial analysis of variance (ANOVA) as given in detail in Ref. 7 . This analysis yields a probability for interaction. If the interaction is significant, QTL1 and QTL2 are acting epistatically; if it is not significant, QTL1 and QTL2 are acting additively.
The data to be analyzed are from Table 1 of Chauvet et al. (2) , which consists of 22 congenic strains each containing a BP QTL where the LEW allele (or in the case of chromosome 2 the Milan normotensive strain allele) is on the S background. Genetic interactions were evaluated by 27 pair-wise tests using the 2ϫ2 ANOVA, and the results were classified as either additive or epistatic. We need to introduce some nomenclature modified from Chauvet et al. (2) . Note that many chromosomes contain more than one QTL, which are numbered on each chromosome. For example, C10Q1 designates a congenic strain containing QTL1 on chromosome 10; C10Q2 designates a congenic strain containing QTL2 on chromosome 10; C2Q2 designates a congenic strain containing QTL2 on chromosome 2; C16Q designates the only QTL on chromosome 16; and so forth.
The results from Table 1 of Chauvet et al. (2) are arranged in a rectangular grid ( Fig. 1 ) created by listing the 22 strains on the left and upper sides. The blocks in the grid represent the pair-wise comparisons of strains. Comparing a strain to itself is not informative, and the blocks along the diagonal are colored black to indicate this. The blocks above the diagonal are redundant to those below it, so only those below the diagonal are considered.
Chauvet et al. (2) categorize the QTL into two "epistatic modules" EM1 and EM2. This was done by starting with two congenic strains (index strains) C10Q1 and C10Q2, the effects of which on BP were additive. C10Q1 was tested against other strains and those that were found to act epistatically with it were classified as being in EM1 (coded gray in Fig. 1 ). C10Q2 was tested against other strains, and those that were found to act epistatically with it were classified as being in EM2 (coded tan in Fig. 1 ). The hypothesis is that any two QTL within a module act epistatically (shown as purple blocks in Fig. 1) , and any two QTL from different modules act additively (shown as green blocks in Fig. 1 ). In Fig. 1 the five QTL that could not be classified into modules EM1 and EM2 are listed below the red line at the bottom and those that were classified are listed above that line. We added one data point from the literature (4) shown as the green block with a white star. Empty blocks represent comparisons for which there are no data. Figure 1 immediately reveals an appealing pattern of clustering of the purple and green blocks, suggesting that the classification of QTL into two epistatic modules has merit. Further analysis is, however, required, and we caution that the following is just our opinion and that others (including the original authors) may find other ways to interpret the data (although the original authors so far have not provided any in-depth analysis that the EM classification is valid).
Consider first the five strains below the red line in Fig. 1 that were not classified as being in EM1 or EM2. Note that the strain C10Q1ϩQ2 is a double congenic of the two index strains C10Q1 and C10Q2. It makes no sense to test this double congenic strain against other congenic strains as the effects of C10Q1 and C10Q2 are confounded in test crosses with other strains. Thus the four purple blocks designated by arrows can be ignored. Figure 1 also has the virtue of making inconsistencies easy to identify. C2Q5 and C1Q3 both have the same result, that is, the only data given are that both strains are epistatic with C10Q1ϩQ2 (both are purple blocks with arrows). Yet C2Q5 is classified in EM1 and C1Q3 is unclassified. Thus, there are no valid data presented to place C2Q5 in EM1. Consequently, all the blocks that relate to C2Q5 (coded in light blue) should be ignored. In Fig. 1 the order that the strains are listed can be arbitrary, so of course they are arranged such that the different color-coded combinations should cluster if the concept of EM1 and EM2 is valid. C2Q5 is arbitrarily placed between these expected clusters. The light blue blocks also serve to illustrate the property of the grid that, to locate all the blocks pertinent to a given strain, one can start at the left-hand column, go right to the black block, and then down in the column containing the black block.
The strains marked "index" in Fig. 1 are also to be ignored in the analysis below. They are put in their respective modules by definition and therefore do not test the hypothesis that QTLs within a module act epistatically and QTLs from different modules act additively. The strain combinations from this data set that do fit into EM1 or EM2 are the remaining nine purple and green blocks representing nine QTL pairs: C18Q2/C16Q, C10Q2/C16Q, C10Q2/C3Q1, C10Q2/C2Q2, C8Q2/C10Q1, C2Q3/C2Q2, C2Q3/C10Q3, C2Q4L/C10Q1, and C17Q2/ C17Q1. There are, however, three strain combinations in the data set involving C2Q1 (C2Q1/C10Q1, C2Q1/C3Q1, and C2Q1/C10Q2) that collectively are inconsistent with EM1 or EM2; these are represented by the three green blocks at the bottom of Fig. 1 . Thus of the 12 QTL pairs that actually test the concept of EM1 and EM2, nine fit into these modules and three do not. The expected number in each group is six. A 2 -test on this data yields a value of 3.0, d.f. ϭ 1, P ϭ 0.083, which is an ambiguous result. Applying Yates correction (required in this case) 2 is 2.08, d.f. ϭ 1, P ϭ 0.15, which is not significant. In the article by Chauvet et al. (2) , the three data points relating to strain C2Q1 were, however, placed into a third epistatic module, EM3. This is problematic. If every time a new QTL that does not fit into EM1 or EM2 were placed into a new module, then only data on new QTL that fit into EM1 or EM2 would be included in EM1 and EM2, and the aberrant data would be put into another module. In that scenario the data on any new QTLs will always fit into expanding modules EM1 and EM2, and the number of modules would increase without apparent limit. Despite the analysis above the epistatic module hypothesis deserves a rational test. Instead of trying to place all QTL into a set of expanding epistatic modules, modify the hypothesis to something doable. Try only to test if the modules EM1 and EM2 as defined in Fig. 1 are valid. There are 99 empty blocks in Fig. 1 that are above the horizontal red line and below the identity diagonal. Each one has a predicted result. If they were all filled in (green or purple) the validity/invalidity of the epistatic module concept would probably be immediately obvious. That is not practical. Instead, choose 30 untested blocks at random from these 99 blocks (using a table of random numbers), and using the results from only these 30 blocks (to avoid further selection bias) apply a 2 -test as above. If the test were significant it would mean that it is possible to find sets of QTL that interact in a predictable way. That would be new. There is no requirement that the new proposed data fit the hypotheses perfectly, just that the 2 -test should be significant. This is because it is not realistic to expect that the classification of all 30 pairs of QTL as additive or epistatic will be 100% accurate (e.g., see below).
Unfortunately there is a potentially serious problem with the way Chauvet et al. (2) classify QTL pairs as either additive or epistatic. For example, the two foundation index strains C10QTL1 and C10QTL2 are claimed to act additively. The interaction term from the 2ϫ2 ANOVA given in Table 1 of Ref. 2 is P ϭ 0.067. This is an ambiguous result, which gives limited credence to the basis for defining epistatic modules EM1 and EM2 in the first place. Chauvet et al. (2) give no power calculations for their ANOVA results, which would have revealed the statistical difficulty in classifying pairs of QTL as either additive or epistatic.
An alternative to epistatic modules has been given by Rapp (8) . In this theoretical construction QTL are assumed to behave like switches either in series or in parallel. The switches themselves are based on the binding properties of two molecules (protein-protein, enzyme-substrate, receptor-ligand, protein-DNA, RNA-DNA, etc.). Genetic variation enters the model as allelic variants in one of the molecules, and effects of environment or sex enter the model as variation in the concentration of the other molecule. The switches can be on/off switches, but specific leak properties of the switches are also allowed. With this model it was possible to simulate actual BP data from congenic strains in Dahl rats and to predict in most cases which QTLs should be in series within a biochemical/ physiological pathway or in parallel between biochemical/ physiological pathways influencing BP. The relationship between Rapp's QTL-switches model and Deng's epistatic modules is unclear.
In summary, Dr. Deng's group has presented the concept of epistatic modules spread out over the years (1, 3) , and the data set given in Chauvet et al. (2) is a serious attempt to test the idea. Our analysis of their work does not support the epistatic module concept without further data, but we do provide a framework for systematically collecting a pertinent data set and a method to analyze it in order to test the concept.
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